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Introduction
============

In high income countries, a growing proportion of vascular events occur in the oldest people. According to the French national mortality statistics for 2010, people aged 85 years and over accounted for 43% of deaths from coronary heart disease and 49% of deaths from stroke. In contrast, participants in most randomised controlled trials testing cardiovascular drugs are predominantly under the age of 70 years.[@ref1] Therefore, the benefit of these drugs in the oldest people remains uncertain. Randomised trials support the use of hydroxymethyl glutaryl coenzyme A reductase inhibitors (statins) for reducing the incidence of major cardiovascular and cerebrovascular events in people with a history of cardiovascular disease, including those aged 65 years and over.[@ref2] [@ref3] [@ref4] [@ref5] However, evidence of the benefit of statin treatment for primary prevention is limited, especially in older people. Regarding fibrates, the other main class of lipid lowering drugs, very few trials support their efficacy for the primary prevention of cardiovascular events.[@ref6] [@ref7] [@ref8] [@ref9]

New guidelines about cholesterol management based on evidence from randomised controlled trials do not recommend statin treatment in people over 75 years of age without clinical atherosclerotic disease, whereas, in real life, statins are commonly prescribed to older people without clinical evidence of atherosclerosis.[@ref10] [@ref11] Avoiding chronic use of unnecessary drugs is important in older people, who often take many drugs and are at high risk of adverse effects. Because of the limited trial based data on the effect of lipid lowering drugs for primary prevention of vascular events in older people, observational studies in this age group can be valuable. We aimed to study the association between use of lipid lowering drugs and the risk of incident cardiovascular events in a cohort study of 7484 community living people aged 65 years or over at entry with a mean follow-up of nine years.

Methods
=======

Study population
----------------

The Three-City study is a prospective study aiming to assess the association between vascular diseases and risk of dementia. The detailed study protocol has been previously described.[@ref12] The Three-City cohort is composed of non-institutionalised people aged 65 years and over, randomly selected from electoral rolls of three cities in France (Bordeaux (south west), Dijon (north east), and Montpellier (south east), who agreed to participate in the study and signed an informed consent form.

Between March 1999 and March 2001, 9294 people were enrolled. A total of 1439 participants were not eligible for the study described here, as they reported a history of coronary heart disease (n=1017), stroke (n=330), or both vascular events (n=92) at baseline. Participants treated with lipid lowering drugs other than statins or fibrates (for example, bile acid sequestrants) (n=113) were also excluded. Among the 7742 remaining participants, 258 (3.3%) were lost to follow-up, leaving a study sample of 7484 participants.

Face-to-face examinations took place every two years during follow-up. Trained nurses and psychologists conducted interviews and made physical and cognitive measurements at the participant's home and at the study centre. Data collection included sociodemographic characteristics (education, occupation, and income), lifestyle (smoking, drinking, and food frequency questionnaire), assessment of disability (Instrumental Activities of Daily Living scale), global cognitive functioning (Mini Mental State examination) and depression (Centre for Epidemiologic Studies-Depression scale), and recording of height and weight.[@ref13] [@ref14] [@ref15] Past history of cardiovascular disease included a history of coronary heart disease, stroke, arrhythmia, and peripheral artery disease. Blood pressure was measured twice after five minutes' rest in a seated position with an electronic device (OMRON M6; OMRON Healthcare, Kyoto, Japan). Hypertension was defined as a systolic blood pressure 140 mm Hg or above, a diastolic blood pressure 90 mm Hg or above, or the use of antihypertensive treatment. At baseline, blood was collected after overnight fasting. Lipid concentrations (total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, and triglycerides) and glycaemia were measured centrally. Diabetes was defined as use of antidiabetic drugs or a fasting blood glucose of 7 mmol/L or above.

Use of lipid lowering and other drugs
-------------------------------------

At each follow-up examination, at the participants' home, interviewers collected information on all drugs used during the preceding month. Participants were asked to show their prescriptions and drug packages. Drug names were coded according to the Anatomic Therapeutic Chemical classification of the World Health Organization.[@ref16] Lipid lowering drugs (code C10A) included hydroxymethyl glutaryl coenzyme A reductase inhibitors (C10AA), fibrates (C10AB), and other drugs such as bile acid sequestrants or nicotinic acid derivatives (not considered in this study). Use of blood pressure lowering or antithrombotic drugs was also registered.

Ascertainment of vascular events during follow-up
-------------------------------------------------

At each follow-up visit, participants or informants for deceased participants were systematically questioned about the occurrence of any severe medical event or hospital admission since the last contact. For those reporting a possible coronary heart disease or stroke event, all available clinical information was collected from hospital records, and interviews were conducted with the participant's physician, nursing home staff (for participants admitted to a nursing home during follow-up), or family. Expert panels reviewed all available clinical information and classified each event according to ICD-10 (international classification of diseases, 10th revision). Cardiac events included hospital admission for definite angina, definite myocardial infarction, definite cardiovascular death, coronary balloon dilatation, or coronary artery bypass. Brain imaging data were available for more than 80% of validated stroke cases (computerised tomography 82%; magnetic resonance imaging 15%) and Doppler ultrasound for 62%. When no brain imaging was available, the diagnosis was based on signs and symptoms. Stroke was confirmed if the participant had a new focal neurological deficit of sudden onset attributable to a cerebrovascular event that persisted for more than 24 hours. The panel classified stroke as ischaemic stroke, intracerebral haemorrhage, or of unspecified type.

Statistical analysis
--------------------

We described the characteristics of the cohort according to lipid lowering drug use at baseline. We compared users and non-users of lipid lowering drugs by using analysis of variance and χ^2^ tests adjusted for age, sex, and centre. We also compared users of statins and users of fibrates, and we assessed the associations between vascular events and classic vascular risk factors. We estimated the risk of vascular events related to lipid lowering drug use by using a Cox proportional hazards model with age as the timescale, and we calculated hazard ratios and their 95% confidence intervals with participants not taking any lipid lowering drug as the reference. Modelling included testing of the proportional hazard assumption. We estimated hazard ratios for any major fatal or non-fatal vascular event (coronary heart disease or stroke) and for each type of event separately, using successively use of any lipid lowering drug, statins, and fibrates as independent variables. If a participant had multiple cardiovascular events during follow-up, we considered only the date of the first in estimating the overall risk of vascular event. We first used a simple model adjusted for sex and study centre, with age used as the timescale (model 1). The multivariable model (model 2) was further adjusted for potential confounding factors: diabetes (yes, no), body mass index (\<25, 25-29, ≥30), smoking (never, past, current), drinking alcohol (never, past, current), hypertension (yes, no), arrhythmia (yes, no), antithrombotic drugs (yes, no), triglyceride concentration (thirds), and low density lipoprotein to high density lipoprotein cholesterol ratio (thirds).

We did sensitivity analyses stratified by age (\< 75, ≥75), sex, triglyceride concentration (\<1.6 g/L, ≥1.6 g/L), body mass index (\<27, ≥27), hypertension (yes, no), and systolic blood pressure (\<145 mm Hg, ≥145 mm Hg) for coronary heart disease and stroke separately. We built a high dimensional propensity score for lipid lowering drug use with a logistic regression model including all the adjustment variables of the primary multivariable model plus other available variables (education, income, systolic blood pressure, diastolic blood pressure, use of antihypertensive drug, self reported diabetes, glycaemia ≥7 mm/L or use of antidiabetic drug, incapacities (Instrumental Activities of Daily Living and Rosow-Breslau functional health scales), cognitive functioning (Mini Mental State score), Center for Epidemiologic Studies-Depression score, APOE genotype). We used this score in different ways. We included it as an adjustment variable in the Cox model. We also calculated hazard ratios within strata defined by thirds of the propensity score distribution. Lastly, we did a matched propensity score analysis. Finally, we estimated hazard ratios in participants who did not report any change in their use of lipid lowering drug (that is, remained a user or non-user) during the first seven years of follow-up.

We did additional analyses to explore complex selection biases. We calculated hazard ratios for death in lipid lowering drug users compared with non-users (all causes of death and deaths from any vascular disease (ICD-10 codes I00-I99)). We estimated hazard ratios for stroke in participants with no previous cardiac event during follow-up, and vice versa. We also estimated the total risk of vascular event (first ever or recurrent) related to lipid lowering drugs during follow-up in the whole Three-City cohort (that is, without excluding participants reporting a history of vascular events at baseline).

We used SAS 9.1 for statistical analyses. We considered a two tailed P value below 0.05 to be statistically significant.

Results
=======

Among the 7484 participants (mean age 73.9 years, 63% women), 2048 (27.4%) reported using lipid lowering drugs (13.5% statins and 13.8% fibrates) at baseline. Among fibrate users, 755 (73%) used fenofibrate; simvastatin (390; 38%) and pravastatin (236; 23%) were the most commonly used statins. Five participants used both categories of lipid lowering drugs. Compared with non-users, users of lipid lowering drugs were younger, were more likely to be women, and had a lower level of education, but they otherwise had a higher vascular risk profile (table 1[](#tbl1){ref-type="table"}). Lipid lowering drug users had higher blood pressure levels and body mass index; more often had hypertension, diabetes, and cardiac rhythm disorder; and more often used antihypertensive and antithrombotic drugs. Total cholesterol, low density lipoprotein cholesterol, and triglyceride concentrations were significantly lower in users than in non-users, both for statins and fibrates. Compared with users of statins, participants taking fibrates were older, reported lower alcohol consumption, had lower diastolic blood pressure, and took less antithrombotic treatment (table 1[](#tbl1){ref-type="table"}). Total cholesterol and triglyceride concentrations were lower in fibrate users than in statin users.

###### 

 Baseline characteristics of users and non-users of lipid lowering therapy. Values are percentages (numbers) unless stated otherwise

  ------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                                  Lipid lowering therapy                                                                       
  ----------------------------------------------- ------------------------ ------------------ ------------ ----------------- ----------------- ---------
  Mean (SD) age, years                            74.1 (5.6)               73.4 (4.8)         \<0.001      73.1 (4.6)        73.7 (4.9)        \<0.001

  Women                                           62.0 (3368)              67.4 (1380)        \<0.001      67.8 (683)        67.2 (696)        0.61

  Education:                                                                                                                                   

   Medium or low                                  61.4 (3336)              66.9 (1371)        \<0.001      65.3 (658)        68.4 (709)        0.22

   High                                           38.6 (2094)              33.1 (677)         34.7 (349)   31.6 (327)                          

  Smoking:                                                                                                                                     

   Never                                          62.4 (3393)              65.4 (1340)        0.17         65.4 (659)        65.6 (680)        0.99

   Past                                           31.3 (1700)              29.9 (613)         30.2 (304)   29.5 (306)                          

   Current                                        6.3 (341)                4.6 (95)           4.4 (44)     4.8 (50)                            

  Alcohol consumption:                                                                                                                         

   Never                                          17.5 (949)               17.4 (355)         0.008        17.1 (172)        17.7 (183)        0.07

   Past                                           2.8 (152)                1.7 (34)           1.1 (11)     2.2 (23)                            

   Current                                        79.7 (4322)              81.0 (1657)        81.8 (823)   80.1 (829)                          

  Mean (SD) drinks/day                            1.70 (1.6)               1.69 (1.6)         0.10         1.77 (1.7)        1.61 (1.6)        0.017

  Depressive symptomatology†                      12.8 (687/5367)          12.8 (261/2047)    0.58         12.3 (123/1000)   13.2 (136/1030)   0.51

  No disability                                   91.0 (4906/5391)         94.3 (1921/2037)   \<0.001      95 (950/1000)     93.6 (966/1032)   0.24

  Mean (SD) systolic blood pressure, mm Hg        146.2 (21.9)             147.6 (20.9)       \<0.001      147.6 (20.8)      147.6 (21.1)      0.24

  Mean (SD) diastolic blood pressure, mm Hg       82.6 (11.3)              82.5 (10.9)        0.54         83.0 (10.9)       82.1 (10.8)       0.016

  Antihypertensive treatment                      41.8 (2270/5430)         54.1 (1107/2046)   \<0.001      54.7 (551)        53.3 (552)        0.37

  Hypertension‡                                   74.5 (4044/5428)         79.7 (1633/2048)   \<0.001      79.7 (803)        79.6 (825)        0.51

  Cardiac rhythm disorder                         13.1 (696/5313)          14.6 (291/1993)    0.032        15.6 (153/981)    13.7 (138)        0.13

  Antithrombotic treatment                        13.1 (659/5030)          18.5 (379/2048)    \<0.001      21.6 (217/1005)   15.5 (160/1032)   \<0.001

  Diabetes§                                       7.2 (371/5153)           11.9 (233/1958)    \<0.001      10.9 (105/963)    12.8 (126/984)    0.13

  Mean (SD) body mass index, kg/m^2^              25.4 (4.0)               25.9 (4.0)         \<0.001      25.8 (4.0)        26.0 (4.1)        0.18

  Total cholesterol, mmol/L:                                                                                                                   

   Mean (SD)                                      5.97 (1.0)               5.60 (0.9)         \<0.001      5.68 (0.9)        5.52 (0.8)        \<0.001

   \<5.37                                         26.9 (1381)              42.1 (818)         \<0.001      37.8 (364)        46.2 (452)        \<0.001

   5.37-6.18                                      33.8 (1736)              34.8 (677)         36.5 (351)   33.2 (325)                          

   ≥6.19                                          39.2 (2013)              23.1 (450)         25.7 (247)   20.6 (201)                          

  High density lipoprotein cholesterol, mmol/L:                                                                                                

   Mean (SD)                                      1.63 (0.4)               1.64 (0.4)         0.16         1.64 (0.4)        1.63 (0.4)        0.56

   \<1.41                                         30.1 (1544)              29.8 (579)         0.04         31.1 (299)        28.3 (277)        0.86

   1.41-1.75                                      34.5 (1770)              35.7 (694)         33.4 (321)   38.0 (372)                          

   ≥1.76                                          35.4 (1814)              34.6 (672)         35.6 (342)   33.6 (329)                          

  Low density lipoprotein cholesterol, mmol/L:                                                                                                 

   Mean (SD)                                      3.78 (0.9)               3.40 (0.8)         \<0.001      3.40 (0.9)        3.40 (0.7)        0.99

   \<3.24                                         26.1 (1336)              45.4 (880)         \<0.001      46.3 (444)        44.6 (435)        0.97

   3.24-3.93                                      33.7 (1726)              32.1 (623)         30.6 (294)   33.5 (327)                          

   ≥3.94                                          40.1 (2053)              22.5 (436)         23.1 (222)   21.8 (213)                          

  Triglycerides, mmol/L:                                                                                                                       

   Geometric mean (95% CI)                        1.14\                    1.10\              0.021        1.27\             0.96\             \<0.001
                                                  (0.76 to 1.70)           (0.70 to 1.74)                  (0.84-1.93)       (0.62-1.49)       

   \<0.94                                         32.1 (1646)              38.3 (745)         0.008        23.9 (230)        52.6 (514)        \<0.001

   0.94-1.33                                      35.8 (1835)              30.2 (587)         34.0 (327)   26.5 (259)                          

   ≥1.34                                          32.1 (1646)              31.5 (613)         42.1 (405)   21.0 (205)                          
  ------------------------------------------------------------------------------------------------------------------------------------------------------

\*Pearson χ^2^ test and analysis of variance for comparison of categorical and continuous characteristics respectively, adjusted for sex, age, and centre.

†Women scoring ≥23 and men scoring ≥17 on Centre for Epidemiologic Studies-Depression scale.

‡Blood pressure ≥140/90 mm Hg or antihypertensive treatment.

§Antidiabetic treatment or glycaemia ≥7 mmol/L.

During a mean follow-up of 9.1 years, 732 first ever non-fatal (n=527) or fatal (n=205) cardiovascular events were diagnosed: 440 coronary events (for a total follow-up of 60 869 person years) and 292 strokes (for a total follow-up of 61 727 person years). Crude incidence rates per 100 person years were 0.72 for coronary events and 0.47 for stroke. Among stroke cases, 227 were ischaemic, 57 haemorrhagic, and eight undefined. Increased risk of stroke or coronary heart disease was associated with classic risk factors: older age, male sex, high blood pressure, diabetes, and high body mass index. Use of antihypertensive or antithrombotic drugs was associated with occurrence of coronary heart disease or stroke. For antihypertensive drugs, hazard ratios were 1.50 (95% confidence interval 1.24 to 1.82) for coronary heart disease and 1.45 (1.14 to 1.83) for stroke. The risk of coronary heart disease was increased in participants with higher total cholesterol, low density lipoprotein cholesterol, or triglycerides and lower high density lipoprotein cholesterol. We found no association between baseline blood lipid concentrations and the risk of stroke. In particular, the risk of stroke (total or ischaemic) was not increased in participants with elevated triglyceride concentrations.

We found no association between total incidence of vascular events and lipid lowering drug use, either for use of any drug (multivariate model: hazard ratio 0.91, 0.76 to 1.09) or for statins and fibrates examined separately (table 2[](#tbl2){ref-type="table"}). However, we observed a very contrasting pattern of association according to the type of event. The risk of coronary heart disease was not lower in lipid lowering drug users (hazard ratio 1.12, 0.90 to 1.40) (table 2[](#tbl2){ref-type="table"}). In contrast, we observed a one third decrease in the risk of stroke in lipid lowering drug users (hazard ratio 0.66, 0.49 to 0.90) compared with non-users; reduction in stroke risk was similar for the statin and fibrate groups (table 2[](#tbl2){ref-type="table"}). Hazard ratios for ischaemic and haemorrhagic stroke in lipid lowering drug users were 0.63 (0.45 to 0.84) and 0.72 (0.37 to 1.42). All cause mortality was lower in lipid lowering drug users compared with non-users (hazard ratio 0.87, 0.77 to 0.99), but mortality from cardiovascular diseases was not significantly decreased (hazard ratio 0.92, 0.67 to1.25).

###### 

 Association between risk of vascular events and lipid lowering drug therapy

  Baseline lipid lowering drug use       No of events   Adjusted hazard ratios (95% CI) for vascular events\*   
  -------------------------------------- -------------- ------------------------------------------------------- ---------------------
  **Coronary heart disease or stroke**                                                                          
  No lipid lowering drug                 545            Reference                                               Reference
  Statins or fibrates                    187            0.98 (0.83 to 1.16)                                     0.91 (0.76 to 1.09)
  Statins                                92             1.01 (0.81 to 1.26)                                     0.88 (0.69 to 1.13)
  Fibrates                               95             0.96 (0.77 to 1.19)                                     0.95 (0.75 to 1.20)
  **Stroke**                                                                                                    
  No lipid lowering drug                 234            Reference                                               Reference
  Statins or fibrates                    58             0.71 (0.53 to 0.95)                                     0.66 (0.49 to 0.90)
  Statins                                29             0.74 (0.51 to 1.08)                                     0.68 (0.45 to 1.01)
  Fibrates                               29             0.70 (0.48 to 1.01)                                     0.66 (0.44 to 0.98)
  **Coronary heart disease†**                                                                                   
  No lipid lowering drug                 311            Reference                                               Reference
  Statins or fibrates                    129            1.18 (0.96 to 1.45)                                     1.12 (0.90 to 1.40)
  Statins                                63             1.19 (0.91 to 1.56)                                     1.13 (0.84 to 1.52)
  Fibrates                               63             1.17 (0.90 to 1.53)                                     1.12 (0.84 to 1.49)

\*Hazard ratios estimated using Cox proportional hazard models with age as timescale. Model 1 was adjusted for sex and centre. Model 2 (multivariable model) was adjusted as for model 1 plus diabetes, body mass index, alcohol consumption, smoking, hypertension, cardiac rhythm disorder, antithrombotic therapy, triglycerides, and low density lipoprotein/high density lipoprotein ratio.

†Included hospital admission with definite angina, definite myocardial infarction, definite coronary heart disease death, coronary balloon dilatation, and coronary artery bypass.

Among participants who did not report any change in their use of lipid lowering drugs during the first seven years of follow-up (that is, regular users versus never users), the hazard ratio for stroke in users (any lipid lowering drug) was 0.56 (0.37 to 0.85). This analysis did not show significant association between risk of coronary heart disease and use of lipid lowering drugs (hazard ratio 1.22, 0.89 to 1.66).

Analyses stratified by age, sex, body mass index, hypertension, systolic blood pressure, and triglyceride concentrations did not show any effect modification by any of these variables (supplementary tables A and B). Adjustment for the propensity score did not modify hazard ratio estimates for lipid lowering drug use (1.09 (0.87 to 1.36) for coronary event and 0.65 (0.48 to 0.88) for stroke). Analysis stratified by thirds of the propensity score showed that the hazard ratios for stroke were similar in the three strata (supplementary table B). Lastly, risk estimates remained unchanged when treated and untreated participants were matched on propensity score (supplementary table C).

Secondary analyses including participants with a history of a vascular event before entering in the Three-City study also showed a lower risk of total (first ever or recurrent) incident strokes in lipid lowering drug users (statins: hazard ratio 0.70 (0.51 to 0.96); fibrates: 0.66 (0.46 to 0.94)). In the same group, hazard ratios for coronary heart disease were 1.45 (1.17 to 1.79) for statins and 1.17 (0.92 to 1.49) for fibrates. The hazard ratio for stroke did not change when participants with a previous cardiac event during follow-up were excluded from the analysis (hazard ratio of stroke in lipid lowering drug users 0.56 (0.41 to 0.77).

Discussion
==========

In a community dwelling population of older people with no known history of vascular events, we found that use of lipid lowering drugs at baseline was associated with a decreased risk of stroke during a mean follow-up of nine years, whereas no protective effect was found for coronary heart disease. This pattern was similar for statin and fibrate use.

Comparison with previous studies
--------------------------------

Previous observational studies have shown that a person's lipid profile is a major risk modifying factor for coronary heart disease, whereas the association between lipid concentrations and stroke is weaker.[@ref17] Several studies have, however, reported an association between elevated lipid concentrations, particularly triglycerides, and an increased incidence of ischaemic stroke.[@ref18] [@ref19] For intracerebral haemorrhage, an association with low lipid concentrations (both low density lipoprotein cholesterol and triglycerides) has been described.[@ref20] [@ref21] [@ref22] Data from the Cardiovascular Health Study have suggested that among people for whom lipid lowering treatment was recommended, those using a statin had a fourfold lower risk of silent cerebral infarcts compared with non-users.[@ref23] However, no observational study has ever described a significant association between use of lipid lowering drugs and decreased risk of stroke.

Clinical trials in different populations of patients have extensively evaluated the effects of statins on the incidence of major cardiovascular events. Meta-analyses consistently showed that, compared with placebo, statin treatment reduced the incidence of cardiovascular events by about 20%; the risk reduction was higher for coronary events than for ischaemic stroke.[@ref5] Overall, statin treatment had no significant effect on the incidence of haemorrhagic stroke in individual trials, except in a study in which a high dose of atorvastatin was associated with an increased risk of cerebral haemorrhage in patients with a past history of stroke or transient ischaemic attack.[@ref24] Randomised controlled trials have shown that use of fibrates for secondary prevention of cardiovascular events produced an average 10% reduction in the incidence of total events, but no consistent effect on the risk of stroke was found.[@ref10] Some primary prevention trials were conducted in patients at high risk, especially in those with type 2 diabetes.[@ref7] [@ref25] In the ACCORD (Action to Control Cardiovascular Risk in Diabetes) study, simvastatin monotherapy was compared with a combination of simvastatin plus fenofibrate in patients with type 2 diabetes. The combination of statin and fibrate did not reduce the risk of vascular events, compared with simvastatin alone.[@ref26] In a large meta-analysis focusing on the relation of incident stroke to lipid lowering drug (statins or fibrates) and non-drug (such as diet) interventions, statin treatment was the only intervention that decreased the risk of total stroke.[@ref27] A recent meta-analysis of individual data from 27 randomised trials concluded that lowering low density lipoprotein cholesterol with statins resulted in a significant reduction in coronary heart disease and stroke. Interestingly, the effect of lowering low density lipoprotein cholesterol was similar in participants with the lowest risk of vascular events and in the highest risk groups.[@ref28] In these meta-analyses, as in most trials, the mean age of participants was around 60-65 years. PROSPER (Prospective Study of Pravastatin in the Elderly at Risk) was the only trial that focused specifically on people aged 70 to 82 years with a history of risk factors for cardiovascular disease. This trial showed that pravastatin reduced the incidence of major coronary events but not of ischaemic stroke.[@ref29]

Meaning of results and potential for bias
-----------------------------------------

Our results are at variance with those of randomised controlled trials, as we found that only the risk of stroke was decreased in users of lipid lowering drugs, whereas no decrease was observed for risk of coronary heart disease. Could our results be explained by biases? Confounding by indication is a major bias in observational epidemiological studies of drug effects. In real world conditions, the indication for treatment is related to the risk profile of the patient. In this study, such a bias was observed for use of antihypertensive and antithrombotic drugs, as both were associated with an increased risk of stroke. Users of lipid lowering drugs were at higher vascular risk than non-users, and an indication bias would have resulted in an increased risk of stroke, as we observed for other drugs prescribed for reducing the vascular risk (antihypertensive and antithrombotic). Furthermore, use of propensity scores to better take into account all the characteristics associated with use of lipid lowering drugs, including antihypertensive and antithrombotic drug intake, did not modify the estimated association of lipid lowering drug use with the vascular risk. As use of lipid lowering drugs was associated with a 13% decrease in all cause mortality, a mortality bias cannot be excluded, but it is unlikely that it could completely explain our results. Stroke and coronary heart disease share most vascular factors, including intake of vascular drugs, and it is therefore implausible that confounding by indication, mortality bias, or any other systematic bias would have resulted in an isolated lowering of the risk of stroke. We also explored the possibility that excluding participants with a history of vascular events at baseline could result in an over-estimation of risk reduction. Participants with a past history of vascular events were at higher risk of an incident vascular event during follow-up, and they used lipid lowering drugs more often than did those not reporting past vascular events. However, when we included participants with a past history of vascular events in the analysis, we found similar results. In conclusion, we believe that biases are not the most plausible explanation for the observed decreased risk of stroke associated with lipid lowering drugs.

If biases do not seem to be the main explanation for these results, how could the difference from randomised clinical trials be explained? The community dwelling population of our study consisted of older people with a mean age of 74 (range 65-100) years at inclusion, at low to moderate cardiovascular risk, who experienced a first ever major vascular event at a late age (79.3 years for coronary event and 81.5 years for stroke). These characteristics are different from those of patients who were recruited in clinical trials, in which most patients were younger and had a marked vascular risk. Our study population and the clinical trials' patients also have quite different lipid profiles. Total cholesterol, low density lipoprotein cholesterol, and triglyceride concentrations were much lower, and high density lipoprotein cholesterol was much higher, in the Three-City study than in most clinical trials (table 3[](#tbl3){ref-type="table"}). Interestingly, one the strongest reductions in stroke risk was seen in the JUPITER trial in which patients with a low lipid concentration were recruited. In this trial, the risk of stroke was halved in the statin arm.[@ref30] Finally, the Three-City study participants reporting a history of lipid disorders at baseline had been diagnosed as having high lipid concentrations for an average of 12 years (data not described). Therefore, many participants had probably been exposed to statins or fibrates for several years before inclusion in the study. We found a larger reduction in the risk of stroke in participants who reported regular use of lipid lowering drugs during follow-up, compared with the whole user group. Both the long term exposure to lipid lowering drugs and the favourable lipid profile of our population of older people with a low to moderate vascular risk could contribute to explaining the observed reduction in stroke incidence among lipid lowering drug users.[@ref27] [@ref28] [@ref29] [@ref30] [@ref31] This interpretation is consistent with the recent opinion that primary prevention with statins could benefit different categories of patients, including those at low risk.[@ref32]

###### 

 Comparison of distribution of lipid concentrations in Three-City study population and in patients included in 14 randomised clinical trials of statins\*

  Lipids (mmol/L)                         Distribution (%)   
  --------------------------------------- ------------------ ------
  Total cholesterol:                                         
   ≤5.2                                   24.9               21.8
   \>5.2-6.5                              50.8               50.7
   \>6.5                                  24.3               27.4
  Low density lipoprotein cholesterol:                       
   ≤3.5                                   43.5               33.4
   \>3.5-4.5                              40.6               41.5
   \>4.5                                  15.9               25.1
  High density lipoprotein cholesterol:                      
   ≤0.9                                   1.4                35.1
   \>0.9-1.1                              5.8                28.6
   \>1.1                                  92.7               36.3
  Triglycerides:                                             
   ≤1.4                                   71.7               34.8
   \>1.4-2.0                              19.1               29.1
   \>2.0                                  9.2                36.1

\*From Baigent et al.^5^

Potential biological mechanisms
-------------------------------

No biological mechanism could easily explain the specific association of lipid lowering drugs with risk of stroke, as well as the absence of difference between statins and fibrates regarding this risk. Both types of drugs have an effect on lipid particles, but the main effect of statins is to reduce low density lipoprotein cholesterol whereas fibrates are more effective in lowering triglyceride concentrations and increasing high density lipoprotein cholesterol concentrations. In addition to their hypolipidaemic properties, both statins and fibrates have pleiotropic effects (anti-inflammatory, antioxidant, antithrombotic, neuroprotective), which can be related to vascular risk.[@ref33] [@ref34] [@ref35] [@ref36] However, no study on the relative contribution of lipid related and non-lipid related properties of statins and fibrates to the prevention of the coronary heart disease and stroke exists that could explain our findings. The absence of association between lipid concentrations and stroke risk and the absence of difference between ischaemic and haemorrhagic stroke are both arguments for a possible non-lipid related mechanism.

Strengths and limitations
-------------------------

Strengths of the study include the prospective data collection, general population setting, large number of participants and outcome events, high quality data on many factors (including medical history, vascular risk factors, lifestyle, and drug use), and validation of cardiovascular events. Validity of data about exposure to lipid lowering drugs was assessed in a previous study in the Three-City study participants. This study showed a very good agreement between self reported use of lipid lowering drugs and claims for reimbursements registered in the French national healthcare insurance database (κ coefficient 0.85, 0.84 to 0.87).[@ref37] Stroke events can be difficult to diagnose with certainty, especially when self reported, but detailed medical records including brain imaging were available for more than 80% of adjudicated stroke cases. Some stroke cases may also have been missed through our screening procedures. However, a search for stroke cases among participants from the Dijon centre through a stroke register established in this town showed that only nine cases may have been missed, which would give an estimation of 20 cases for the full cohort during the entire follow-up.

Several limitations should also be considered when interpreting our results. Participants in the Three-City study differed somewhat from the general French population: they had higher education and economic status and better cognitive functioning. Overall, they had a healthy lifestyle, in particular dietary habits, which could contribute to reducing their vascular risk.[@ref38] They might be more compliant with medical prescriptions. However, a major effect of these characteristics on the relation between use of lipid lowering drugs and risk of stroke is unlikely. The possibility that our findings are due either to chance or to residual confounding cannot, however, be ruled out. Lastly, despite the size of the cohort, the study's power was insufficient for detecting small variations in risk of infrequent events. This could explain why the association between lipid lowering drug use and risk of coronary heart disease was not statistically significant.

Clinical implications
---------------------

Despite limitations due to voluntary participation, the Three-City study participants are much closer to the general population of older people than are patients included in randomised controlled trials, who are highly selected. Medicines agencies are increasingly concerned about the safety and effectiveness of drugs in real world conditions. The true effectiveness of a drug can differ from the pre-approval evaluation based on clinical trials, because drugs may be used in different patient populations, in different regimens, and for longer periods of time. Our study provides a striking illustration of this concern and supports the need for observational studies in community dwelling population settings.[@ref39] Our data raise the hypothesis of protection against stroke related to long term use of lipid lowering drugs for primary prevention in older people, with no difference between statins and fibrates. In our population, the incidence of stroke was low (overall, 0.47 per 100 person years) and a 30% reduction in stroke risk results in a limited number of avoided cases. However, the overall French population is at low risk of stroke, as well as coronary heart disease, and a one third reduction in stroke risk, if confirmed, could have an important effect on public health in other populations.

During the past two decades, the proportion of people taking lipid lowering drugs, especially statins, has increased in most high income countries. Among the people affiliated to the French national healthcare insurance plan, the increase in the prevalence of lipid lowering drug use was much higher over the age of 80 years than in younger elderly people. In French men aged 80-84 years, the proportion of lipid lowering drug users increased from 18% in 2003 to 25% in 2012; in women, this proportion increased from 20% to 26%. A similar increase was observed in people aged 85 years and over. This increase could have contributed to the 13% decrease in the incidence of stroke in the French population aged 65 years and over during the past decade ([www.sante.gouv.fr/les-chiffres-cles-de-l-avc](http://www.sante.gouv.fr/les-chiffres-cles-de-l-avc)).

### What is already known on this topic

1.  Randomised controlled trials have established the efficacy of lipid lowering drugs for secondary and primary prevention of cardiovascular events (coronary heart disease, stroke, or both) in the population aged 50 to 70 years

2.  In clinical trial participants, the effect of lipid lowering drugs is greater for coronary heart disease than for stroke events and risk reduction is greater for statins than for fibrates

3.  New guidelines do not support lipid lowering treatment in people aged over 75 years without clinical atherosclerotic disease, but lipid lowering drugs are largely used for primary prevention in the older age groups

### What this study adds

1.  Use of lipid lowering drugs was associated with a 30% lower risk of stroke (compared with non-users) during a mean follow-up of 9 years in a large population based cohort (mean age 74 years) without known history of vascular disease

2.  Reduction in risk of stroke was similar in statin users and fibrate users

3.  If replicated, the study results suggest that lipid lowering drugs might be considered for the prevention of stroke in older populations
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